Purdue University

Purdue e-Pubs
International Compressor Engineering Conference

School of Mechanical Engineering

1992

Improvements on the Performances of a Planetary
Piston Compressor
Q. Feng
Xi'an Jiatong University

T. Cui
Xi'an Jiatong University

Follow this and additional works at: https://docs.lib.purdue.edu/icec
Feng, Q. and Cui, T., "Improvements on the Performances of a Planetary Piston Compressor" (1992). International Compressor
Engineering Conference. Paper 791.
https://docs.lib.purdue.edu/icec/791

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html

IMPROVEMENTS ON THE PERFORMANCES OF
A PLANETARY PISTON COMPRESSOR
Feng·Qu anke

Cui Tiansheng

Departm ent of Power Machi nary Engineering
Xi' an Jiaotong University, China

ABSTRACT
The operatio nal principle and structural characteristics of a planetary
piston compressor are
introducted. The mathema tic models to describe the operation al
processes of this type of
comprcssore are discussed. A prototyp e is made to conduct the experime
nts of performance improvements. The results show that reasonable designs of suction and
discharge _ports and proper
selection of sliding clearances enable the compres sor preformances to
be improved significantly.

INTRODUCTION
As is well known, a reciprocating compressor is complicated in structure
, and its damageable
pans are more than those in other types of compressor. Generally, the
energy loss caused only by
the !lowing gas through suction and discharge valves is over 10%
of its total power. Reciprocating inertial forces and pressure pulsation in the pipeline often
result in vibrations of a
compressor system. These inherent disadvantages restrict the developm
ent of reciprocating
compressors. On the other hand, although rotary compressors, such
as screw and scroll, can
completely avoid the above mentione d disadvantages of reciproca
ting compressors, their main
parts such as screws and scroll disks have to be machined by special
precis machine tools. Generally, these machine tools are quite expensive.
In recent years, a new type of compressor, which does not need any
suction and discharge
valves, has been developed. Although its pistons reciprocate in the bores,
there is not any reciprocating inertial force in it.Its structure is quire simple. It has the
operating performances of a
common rotary compressor. Besides, it has the structura l character
istics of a reciprocating
compressor. The shapes of its main compone nt parts, such as housing,
cylinder, piston and
cranksha ft, are cylindrical, and these parts can be machined by common
machine tools. This type
of compres sor may be called a planetary piston compressor because
its pistons move like a
planet.
Up to now, no paper has been reported dealing with the techniqe
of a planetary piston
compressor. Therefor e a better interpret ation to this type of compres
sor is given in this paper.

OPERATIONAL PRINCI PLE AND STRUCTURAL CHARACTERIS
TICS
The structure of a planetary pisotn compressor is shown in Fig I.
It mainly consists of a
crankshaft, two pistons, a cylinder and a housing. The canlcshaft has
two cranks whose alternate
angle is 180 degrees. Each crank-pi n is fitted with a columinform piston.
A crank-pi n hole is at
the middle of each piston's column surface. Both ends of the piston
are insetted into two bores of
the cylinder. when crank angle 9 is zero degree, the axis of bore No.
I and bore No. 3 is vcnical,
whereas that of bore No.2 and bore No.4 is horizont al. At this moment,
the discharge from bore
No.I and the suction in bore No.3 stop. However, the suction and compress
ion processes are going on respectively in bore No.2 and bore No.4. With the rotation
of the cranksha ft, the processes mentione d above go on alternately in the four bores of the cylinder.
Thus a working cycle
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including suction, compression and discharge processes repeats respectively in each bore. If a
clearance volume exists at 8 = 0 o , a short expansion process will carry on after the end of
discharge in each bore. Therefor the working cycle consists of expansion, suction, compression
and discharge processes.
In this type of compressor rotation of the cylinder is caused by the leverage of two pistons as
shown in Fig 1. The piston whose axis is vertical drives the cylinder with a maximal torque, and
the piston whose axis is horizontal drives the cylinder without any torque. In order to reduce the
frictional resistance between the cylinder and the housing. both ends of the cylinder are supported by two ball bearings. This, of course, enables the contacting forces between the pistons
and bores to be reduced too.
Generally, the cemre.Jines of two pistons in a compressor are within the two planes vertical
to the axis of the crankshaft. If necessary, they can also be designed in a plane. In this case, the
cylinder or pistons have to be des1gned into separable structure. Otherwise it would be difficult to
fit them together.
MATHEMA TICAL MODELS OF DYNAMIC AND
THERMOD YNAMIC BEHAVIOU R
Relationship between the Crankangle and the Angle of Cylinder's Rotation
As shown in Fig I, the crankangle IS repr~sented with 8, and the correspondin g angle of
bore's rotation with 1%. Thus the relationship between both the angles can be written as:
1%

=!e
2

(I)

Bore Volume
when the crankangle is 8, the displacement of the piston crown relative to the wall of housing is

x

=

2r( 1 -cos~)

(2)

where r is the crank throw. Bore Volume V changes with crankangle 8 as fallows:
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where D 0 is the diameter of the bore.
Pressure in a Compression chamber
For a given bore, when its rotation angle ~:t> 180 o but< 360 ° , the compression and
discharge processes go on in the compression chamber. The pessure m it can be described as the
function of 8;

-ar
r

p=p,(2-

(4)

2 p-p 1 ( I - cosa
-

(4')

I - cos2

or

where p 1 is suction pressur~, and n is compression index. Equation (4) can also be used to calculate the position of discharge holes in the housing.
Lateral Forces of Pistons Acting on the Bores
According to the dynamic equilibrium conditions, the following equations can be established
to calculate the lateral forces of the piston acting on the bores. The equation of moments acting
on the whole cylinder is.
· (5)
F,l, -F' 1 11 1 -F 2 / 2 +F',l', -M=O
where F 1, F 11, F 2, F' 2are lateral forces of the pistons acting on the cylinder (as shown in Fig 1). 11,
the axis of the crank-pin. M
)1 , 1 , 11 are distances of the acting point of each lateral force from
1 2 2
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is the momen t of the frictional forces of the housing
acting on the cylinder.
Because the rotatin g speeds of both pistons do not
vary under norma l operat ion, the torque s
acting on either piston must be in equilibr:ium. Theref
ore, the following equatio ns can be obtained:
F 1 (/ 1 - 2rcos a)- F' (/ 1 + 2rcos1X) = 0
1

1

(6) ·

- F 2 (/ 2 + 2rsint:.) + F' (I' - 2rsint:.) = 0
2
2
(7}
When IX"'0, the axis of bore No.2 and bore No.4 is
horizo ntal. We have F 2 "" F' 2 =0, and the value ofF 1 can be given as F • As the crankangle 8 varies
0
in the range of 0 to 180 degrees, the lateral force F 1 can be calculated from the "rollowing expres
sion:
8
F 1 "'F 0 cos
(8)
2
Solving the couple d equations(5) to (8), we can obtain
all the lateral forces of the pisrons acting
on the cylinder.
Inertial Forces and their Mome nts of Pistons
Althou gh the pistons reciprocate in the rotatin g bores,
there is not any reciprocating inertial
force in the compressor. If the mass of two pistons
are equal, their centrifugal forces produc ed in
rotatio n are equal in magnitude, and opposi te in directi
on. However, the momen t of the centrifugal forces still exists and is
M =~1
I
2 '
where a is the distance between two pistons, and I,
is the centrifugal force of either piston.

(9}

IMPR OVEM ENTS ON THE PROT OTYP E STRU

CTURE AND PERFORMANCES
Improv ement on Discharge Ports
In a planet ary piston compressor, the position and
the shape of discharge pons on the housing have a significant influence on compr essor perform
ances. A larger diamet er of bores has to be
designed because of the restriction of the size of pistons
. If the discharge ports are just located.
within the area sweped by the rotatin g bores, the connec
ting processes of the I'Orts with the bores
become too long (as shown in Fig 2a). Specially in
the case of a high compression ratio, the location angle y of the discharge port is quite small, as
shown in Fig 1. Consequently, the bore may
connect with the discharge and suction ports simulta
neously, and serious leakage of compressed
air will take place. On the other hand, a large locatio
n angle y of the discharge ports may be selected. This would, however, cause "isovolumetric
compr ession "in the compression chamb er because the discharge ports will be connected with the
bore in advance.
In order to avoid the emergence of the problems describ
ed above, the discharge ports in the
housing have to be located out of the area swept by
the rotatin g bores, and grooves are cut out
on the outer surface of the cylinder to connect the compr
ession chamb ers with the discharge ports
(Fig 2b)
After the above improvements, a new indicating diagra
m is measured from the prototype.
The dotted curve in it indicates the pressure change
in the compression chamb er before improvements.
Improv ement on the Sealing and Frictional Charac
teristics
In this type of compressor, the cylinder rotates in
the housin g at a high speed, and the compression heat. of gas and mechanical frictional heat
are difficult to transfe r out. Therefore, a system of oil injection is necessary as in other rotary compr
essors. The centrifugation of the cylinder
causes a Jot of lubricating oil to throw away form
the bores to the clearance between the cylinder
and the housing, thus leading to a significant increas
e in frictional resistance. On the other hand,
high pressure in the discharge area !lUshes the cylinde
r towards the suction area and makes the
clearance between the cylinder and the housin g in
the discharge area increase, so that the leakage
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along this clearan ce increases remark ably.
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Fig I. Simplified model of a planetary piston compr
essor
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Fig 2. Influence of the discharge ports on conne
tcting process
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Fig 3. Indicating diagrams of the prototype before and after improvements
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I
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·
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Table I. comparison of the measured results of power input and displacement
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